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Nomenclature 


A 

rotor  disk  area,  7tR2,  ft2 

ALFS,U ,  Og 

rotor  shaft  angle,  positive  aft  of 
vertical,  deg 

AF 

balance  axial  force,  balance 
moment  center,  positive  aft,  lb 

b 

number  of  rotor  blades 

c 

mean  blade  airfoil  chord  length,  ft 

CLRH/S 

rotor  wind-axis  lift  coefficient 
divided  by  rotor  solidity,  positive 
up,  LDFTH.C  /p(GR)2SR 

CP 

rotor  power  coefficient, 
POW/ApCGR)3 

CP/S 

rotor  power  coefficient  divided  by 
rotor  solidity,  POW/p(QR)3Sr 

Cs 

speed  of  sound,  ft/s 

CTH,  CT 

rotor  thrust  coefficient,  perpendicu¬ 
lar  to  tip-path-plane,  positive  up, 
THRUST/ Ap(QR) 2 

CTH/S,  Ct la 

rotor  thrust  coefficient  divided  by 
rotor  solidity,  positive  up, 
THRUST/ p(£2R)2Sr 

CXRH/S 

rotor  wind-axis  propulsive  coeffi¬ 
cient  divided  by  rotor  solidity, 
positive  forward, 
-DRAGH,C/p(QR)2SR 

DRAGH,C 

rotor  wind-axis  drag,  positive 
downstream,  lb 

FMERIT,  Fm 

Figure  of  Merit,  CTH3/2/CP*(2) 1/2 

LIFTH.C 

rotor  wind-axis  lift,  positive  up,  lb 

MTIP 

rotor  tip  Mach  number,  £2R/Cs 

n 

nth  harmonic 

NF 

balance  normal  force,  balance 
moment  center,  positive  up,  lb. 

OMEG*R 

rotor  tip  speed,  flR,  ft/sec 

POW 

rotor  shaft  power,  TORQ,C  *  Q,  ft- 

lb/s 


PM 

balance  pitching  moment,  balance 
moment  center,  positive  nose  up, 
ft-lb 

QPSF 

free  stream  dynamic  pressure, 
lb/ft2 

R 

rotor  radius,  ft 

RHO,  p 

free  stream  air  density,  slugs  /ft3 

RM 

balance  rolling  moment,  balance 
moment  center,  positive  right 
wing  down,  ft-lb 

RPM 

rotor  rotational  speed,  rev/min 

SF 

balance  side  force,  balance  moment 
center,  positive  starboard,  lb 

Sr 

rotor  blade  area,  bcR,  ft2 

THRUST 

rotor  thrust,  perpendicular  to  tip- 
path-plane,  positive  up,  lb 

TORQ,C,  TQ 

flexcoupling  or  rotor  shaft  torque, 
ft-lb 

V 

free  stream  velocity,  ft/s 

VKTS 

free  stream  velocity,  kt 

V/OR,  p 

advance  ratio,  V/ OR 

X 

parameter  resultant  value  in  engi¬ 
neering  units 

Xo 

parameter  offset  value  in  engineer¬ 
ing  units 

Xnc 

parameter  cosine  coefficient  of  the 
nth  harmonic 

Xns 

parameter  sine  coefficient  of  the 
nth  harmonic 

YAW 

model  yaw  angle,  clockwise  rela¬ 
tive  to  tunnel  centerline,  deg 

2 

summation 

a 

rotor  solidity,  bc/nR 

O 

rotor  rotational  speed,  rad/s 

¥ 

blade  azimuthal  angle,  deg 
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Summary 

A  full-scale  helicopter  rotor  test  was  conducted  in  the 
NASA  Ames  80-  by  120-Foot  Wind  Tunnel  with  a  four- 
bladed  S-76  rotor  system.  Rotor  performance  and  loads 
data  were  obtained  over  a  wide  range  of  rotor  shaft 
angles-of-attack  and  thrust  conditions  at  tunnel  speeds 
ranging  from  0  to  100  kt.  The  primary  objectives  of  this 
test  were  (1)  to  acquire  forward  flight  rotor  performance 
and  loads  data  for  comparison  with  analytical  results;  (2) 
to  acquire  S-76  forward  flight  rotor  performance  data  in 
the  80-  by  120-Foot  Wind  Tunnel  to  compare  with  exist¬ 
ing  full-scale  40-  by  80-Foot  Wind  Tunnel  test  data  that 
were  acquired  in  1977;  (3)  to  evaluate  the  acoustic  capa¬ 
bility  of  the  80-  by  120-Foot  Wind  Tunnel  for  acquiring 
blade  vortex  interaction  (B  VI)  noise  in  the  low  speed 
range  and  compare  BVI  noise  with  in-flight  test  data;  and 
(4)  to  evaluate  the  capability  of  the  80-  by  120-Foot  Wind 
Tunnel  test  section  as  a  hover  facility.  The  secondary 
objectives  were  (1)  to  evaluate  rotor  inflow  and  wake 
effects  (variations  in  tunnel  speed,  shaft  angle,  and  thrust 
condition)  on  wind  tunnel  test  section  wall  and  floor  pres¬ 
sures;  (2)  to  establish  the  criteria  for  the  definition  of  flow 
breakdown  (condition  where  wall  corrections  are  no 
longer  valid)  for  this  size  rotor  and  wind  tunnel  cross- 
sectional  area;  and  (3)  to  evaluate  the  wide-field  shadow¬ 
graph  technique  for  visualizing  full-scale  rotor  wakes. 
This  data  base  of  rotor  performance  and  loads  can  be  used 
for  analytical  and  experimental  comparison  studies  for 
full-scale,  four-bladed,  fully  articulated  rotor  systems. 
Rotor  performance  and  structural  loads  data  are  presented 
in  this  report. 

Introduction 

Wind  tunnel  testing  has  been  extensively  used  in  the 
development  and  improvement  of  rotorcraft  designs,  in 
addition  to  providing  a  data  base  for  refinement  of  theo¬ 
retical  predictions.  However,  no  rotor  test  (  flight  tests, 
small-scale  rotor  wind  tunnel  tests,  and  specifically  full- 


scale  rotor  wind  tunnel  tests)  has  provided  the  necessary 
data  in  the  low  speed  flight  regime  (below  60  kt)  to 
validate  prediction  codes. 

The  Sikorsky  Aircraft  S-76  is  one  of  the  more  thoroughly 
tested  rotor  systems,  having  undergone  small-scale  and 
full-scale  wind  tunnel  testing  in  addition  to  flight  testing. 
A  full-scale  test  of  the  S-76  rotor  system  in  the  NASA 
Ames  40-  by  80-Foot  Wind  Tunnel  was  performed  and 
documented  during  the  developmental  phase  of  the  rotor 
system  (ref.  1).  There  also  have  been  small-scale  forward 
flight  wind  tunnel  data  and  flight  test  data  acquired  by 
Sikorsky,  along  with  isolated  rotor  full-scale  hover  data 
acquired  with  this  rotor  system  at  the  Sikorsky  Whirlstand 
Hover  Facility  and  NASA  Ames  40-  by  80-Foot  Wind 
Tunnel  (ref.  2).  In  all  these  tests,  however,  no  data  were 
acquired  in  the  speed  range  between  zero  and  60  kt. 

To  expand  the  existing  S-76  data  base  and  to  investigate 
rotor  performance  and  loads  in  the  low  speed  (0  -  60  kt) 
flight  regime,  a  full-scale  S-76  rotor  test  was  conducted  at 
the  NASA  Ames  80-  by  120-Foot  Wind  Tunnel.  This 
wind  tunnel  test  established  a  data  base  of  rotor 
performance  and  loads  for  the  0  -  100  kt  velocity  range  at 
various  shaft  angles  and  thrust  conditions. 

The  primary  objectives  of  this  test  were  (1)  to  acquire 
forward  flight  rotor  performance  data  for  comparison  with 
analytical  results  (ref.  3);  (2)  to  acquire  S-76  forward 
flight  rotor  performance  data  in  the  80-  by  120-Foot  Wind 
Tunnel  to  compare  with  existing  (ref.  1)  and  future  40-  by 
80-Foot  Wind  Tunnel  data  to  evaluate  differences  or 
similarities  between  the  two  full-scale  facilities  (ref.3); 

(3)  to  evaluate  the  acoustic  capability  of  the  80-  by  120- 
Foot  Wind  Tunnel  for  acquiring  blade  vortex  interaction 
(BVI)  noise  in  the  low  speed  range  and  compare  BVI 
noise  with  in-flight  test  data  (ref.  4);  and  (4)  to  evaluate 
the  capability  of  the  80-  by  120-Foot  Wind  Tunnel  test 
section  as  a  hover  facility  (ref.  3).  The  secondary  objec¬ 
tives  were  (1)  to  evaluate  rotor  inflow  and  wake  effects 
(variations  in  tunnel  speed,  shaft  angle,  and  rotor  thrust) 


on  wind  tunnel  test  section  wall  and  floor  pressures  (ref. 
5);  and  (2)  to  establish  the  criteria  for  the  definition  of 
flow  breakdown  (point  where  wall  corrections  are  no 
longer  valid)  for  this  size  rotor  and  wind  tunnel  cross- 
sectional  area  (ref.  5);  (3)  to  evaluate  the  wide-field  shad¬ 
owgraph  technique  for  visualizing  full-scale  rotor  wakes 
(ref.  6). 

This  report  documents  the  test  program  and  presents  the 
rotor  performance  and  loads  data  for  selected  test 
conditions.  The  rotor,  test  facility,  rotor  test  stand, 
instrumentation,  data  reduction,  and  test  procedures  are 
described.  The  data  from  the  test  are  presented  in  tables 
and  plots.  Hover  performance  data  are  documented  in 
Appendix  A.  Forward  flight  rotor  performance  data  are 
presented  in  Appendix  B.  Forward  flight  rotor  blade 
structural  loads  are  presented  in  Appendices  C  and  D. 

Description  of  the  Experiment 

NASA  Ames  80-  by  120-Foot  Wind  Tunnel 

The  80-  by  120-Foot  Wind  Tunnel  is  part  of  the  National 
Full-Scale  Aerodynamics  Complex  (NFAC)  located  at  the 
NASA  Ames  Research  Center.  The  tunnel  has  an  open 
circuit  with  a  closed,  rectangular  test  section.  The 
maximum  test  section  flow  speed  is  approximately  100 
kt.  Figure  1  shows  a  schematic  of  the  wind  tunnel  circuit. 
The  80-  by  120-Foot  Wind  Tunnel  shares  a  portion  of  the 
flow  circuit  with  the  40-  by  80-Foot  Wind  Tunnel;  both 
tunnels  share  a  single  drive  system.  The  drive  system 
consists  of  six  fans  rated  at  135,000  maximum  combined 
horsepower  (101  MW).  When  operating  in  the  80-  by 
120-Foot  Wind  Tunnel  mode,  a  system  of  vanes  and 
louvers  are  positioned  so  that  the  40-  by  80-Foot  Wind 
Tunnel  circuit  is  closed  off  and  the  80  x  120  leg  forms  a 
through-flow  wind  tunnel  (fig.  1).  The  drive  fans  pull 
outside  air  in  through  the  80-  by  120-Foot  Wind  Tunnel 
inlet  and  exhaust  the  air  back  to  the  atmosphere  through 
louvers  in  the  tunnel  wall  downstream  of  the  tunnel  fan 
drive  system. 

The  test  section  is  80-ft  high,  120-ft  wide,  and  193-ft 
long.  The  east  wall  of  the  test  section  has  two  doors  that 
provide  an  access  opening  of  approximately  80  ft  in 
height  by  120-ft  in  width.  This  opening  provides  room  for 
the  tunnel  crane  to  move  into  the  test  section  for  installa¬ 
tion  of  wind  tunnel  models. 

General  Test  Hardware 

The  experiment  was  conducted  in  the  80-  by  120-Foot 
Wind  Tunnel  using  a  production  Sikorsky  Aircraft  S-76 
rotor  system.  The  rotor  was  mounted  on  NASA’s 
modified  Rotor  Test  Apparatus  (RTA).  Figure  2  shows 


the  model  installed  in  the  wind  tunnel.  The  Sikorsky 
Aircraft  S-76  rotor  system  is  four-bladed  with  coincident 
flap  and  lag  articulation  provided  at  the  blade  root  by 
elastomeric  bearings.  Blade  pitch  is  also  permitted  by  the 
same  bearing  through  the  rotor  spindle.  Table  1  lists  the 
S-76  main  rotor  parameters.  The  rotor  system,  including 
the  hub,  spindles,  blades,  and  swashplate,  is  identical  to 
the  production  model.  Reference  1  provides  details  on  the 
spanwise  distributions  of  the  blade  properties,  blade 
airfoil  and  planform  description,  airfoil  contours,  and  two 
dimensional  airfoil  characteristics. 

The  RTA  is  a  special-purpose  test  stand  for  operating 
helicopter  rotors  in  the  NFAC.  The  test  stand  was  origi¬ 
nally  built  in  the  mid-1970’s.  The  RTA  houses  two-elec- 
tric  drive  motors  (1500  HP  each),  a  right-angle  transmis¬ 
sion,  a  new  flexcoupling  with  a  36,000  ft-lb  rotor  torque 
capability  and  a  new  rotor  balance  with  22,000  lb  thrust 
capability  (installed  in  1991)  along  with  a  primary  and 
dynamic  control  system.  The  primary  control  system  con¬ 
sists  of  three  electro-hydraulic  servo-actuators  with  an  on¬ 
board  hydraulic  system.  The  dynamic  control  system  is 
integrated  into  the  primary  control  system  and  provides  a 
time- varying  perturbation  capability  to  the  non-rotating 
swashplate.  The  RTA  was  first  built  as  a  symmetrical 
body  of  revolution  that  was  33.3  ft  in  length  with  a  max¬ 
imum  diameter  of  5.83  ft.  In  1991,  the  RTA  was  modified 
to  incorporate  a  fairing  on  top  to  enclose  the  raised  rotor 
control  system  and  the  new  rotor  balance.  The  new  fairing 
on  top  of  the  RTA  is  15.96  ft  in  length  and  has  a  maxi¬ 
mum  cross-section  (3.5-ft  wide  by  4-ft  tall)  located  near 
the  rotor  shaft. 

The  RTA  was  mounted  in  the  wind  tunnel  on  a  three-strut 
(two  main  struts  and  one  tail  strut)  support  system  placing 
the  rotor  hub  nominally  one  rotor  diameter  above  the 
wind  tunnel  floor.  Each  front  main  strut  support  consists 
of  a  12-ft  80-  by  120-Foot  Wind  Tunnel  main  strut,  0.5-ft 
strut  adapter,  15-ft  40-  by  80-Foot  Wind  Tunnel  main 
strut,  and  5-ft  tip  (see  figures  3a  -  3c).  The  model  angle- 
of-attack  was  varied  by  changing  the  height  of  the 
gimbaled  tail  strut.  Rotor  collective  and  cyclic  pitch  con¬ 
trols  were  introduced  through  the  swashplate  by  means  of 
three  electromechanical/hydraulic  actuators.  All  data  pre¬ 
sented  in  this  report  were  acquired  with  the  first  harmonic 
of  the  rotor  flapping  angle  trimmed  to  near  zero. 

Instrumentation  And  Data  Reduction 

The  new  RTA  rotor  balance  and  flexcoupling  were  used 
to  measure  the  rotor  forces  and  moments.  The  RTA  rotor 
balance  is  a  five-component  balance  that  measures  rotor 
lift,  drag  and  side  forces,  together  with  the  rotor  pitching 
and  rolling  moments.  The  balance  shares  a  common 
centerline  with  the  rotor  shaft.  The  instrumented 
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flexcoupling  measures  rotor  torque  and  residual  lift  force. 
Both  the  rotor  balance  and  flexcoupling  were  designed  to 
measure  static  and  dynamic  loads.  Table  2  lists  the 
general  capabilities  and  static  load  accuracies  of  the  rotor 
balance  as  measured  during  the  calibration.  The  resultant 
hub  moment  capability  depends  on  rotor  hub  height  above 
the  balance  moment  center;  the  higher  the  hub  height,  the 
lower  the  resultant  hub  moment  capability. 

The  rotor  forces  and  moments  were  corrected  for 
aerodynamic  tares  but  not  for  tunnel  wall  effects.  The  tare 
corrections  were  experimentally  determined  to  account 
for  the  aerodynamic  forces  on  the  rotating  rotor  hub 
(without  blades),  shaft,  and  exposed  areas  of  the  control 
system.  These  were  obtained  for  tunnel  velocities  from  0 
to  100  knots  at  a  nominal  rotor  speed  of  292  rpm.  The 
aerodynamic  tares  are  described  by  polynomial  equations 
as  a  function  of  tunnel  dynamic  pressure  (QPSF)  at 
specific  rotor  shaft  angles-of-attack  (as  )  in  the  balance- 
axis  system  in  Table  3.  The  measurement  units  and  posi¬ 
tive  sign  conventions  used  for  the  forces  and  moments  are 
shown  in  Table  4.  These  tare  reactions  were  subtracted 
from  the  balance  forces  and  moments  to  obtain  the  net 
rotor  reactions  at  the  balance-axis  system.  The  net  rotor 
reactions  are  then  transformed  from  the  balance  axis  sys¬ 
tem  (balance  axis  has  1.377  deg  yaw  offset  in  clockwise 
direction  from  rotor  hub  and  wind  axis  system)  to  the 
rotor  hub  (shaft)-axis  system  and  then  into  the  wind-axis 
system. 

Other  instrumentation  for  this  wind  tunnel  test  included 
nine  rotor  spindle  bending  and  stress  measurements  (on 
one  rotor  spindle),  thirteen  blade  bending  and  stress 
measurements  (distributed  along  one  blade),  one 
rotational  pitch  link  load  measurement,  one  blade  pitch 
angle  measurement,  one  blade  lead-lag  angle  measure¬ 
ment,  two  blade  flap  angle  measurements,  two  blade 
damper  linear  load  measurements,  one  rotating  scissors 
shear  load  measurement,  one  non-rotating  scissors  shear 
load  measurement,  three  stationary  control  rod  axial  load 
measurements,  and  standard  wind  tunnel  test  section  flow 
measurements.  The  blade  instrumentation  is  shown 
schematically  in  figure  4.  Not  all  of  the  above  measure¬ 
ments  are  presented  in  this  report.  The  rotating  measure¬ 
ments  documented  in  this  report  are  presented  in  Table  5 
along  with  the  measurement  locations,  units,  and  the  sign 
convention. 

The  signals  from  the  rotating  measurements  described  in 
Table  5  were  sampled  and  digitized  at  64  times  per  rotor 
revolution.  The  data  were  converted  to  engineering  units 
using  an  R-cal  step  acquired  at  the  beginning  of  the  test 
run.  The  time  history  was  smoothed  and  filtered  by 
eliminating  sub  harmonics  and  all  harmonics  above 


20/rev;  correction  for  the  Bessel  filters  in  the  amplifiers 
was  applied. 

Test  Procedures  and  Test  Envelope 

The  test  conditions  were  obtained  by  establishing  shaft 
angle,  rotor  tip  Mach  number,  rotor  advance  ratio  |i 
(tunnel  velocity  divided  by  rotor  tip  speed,  QR),  rotor 
thrust,  and  by  adjusting  cyclic  pitch  to  minimize  the  rotor 
first  harmonic  flapping  to  within  0.2  deg.  Three  basic  test 
conditions  were  investigated.  These  were  hover  (YAW  = 

0  deg,  90  deg),  tunnel  speed  sweeps  at  specific  thrusts  and 
rotor  shaft  angles-of-attack,  and  thrust  sweeps  at  specific 
tunnel  speeds  and  rotor  shaft  angles-of  attack.  The  full 
range  of  test  conditions  are  shown  in  Tables  6-8  .  Since 
the  80-  by  120-Foot  Wind  Tunnel  is  an  open  circuit  wind 
tunnel,  outside  wind  conditions  can  affect  the  tunnel  test 
section  conditions.  To  alleviate  this  concern,  the  majority 
of  the  hover  and  low  speed  testing  was  performed  when 
the  outside  wind  speeds  were  less  than  5  kt  and  the  air 
speed  through  the  test  section  was  less  than  4  kt  (based  on 
tunnel  dynamic  pressure  measurements). 

Hover  Rotor  Performance 

Hover  performance  data  are  presented  in  tabular  form  in 
Appendix  A  and  shown  graphically  in  figures  5  and  6. 

The  rotor  control  positions  presented  in  Appendix  A  are 
based  on  fixed-system  actuator  positions.  Data  are  placed 
into  two  subgroups;  first  subgroup  is  YAW  =  0  deg  and 
second  is  YAW  =  90  deg.  This  corresponds  to  the  two 
basic  hover  configurations  shown  in  figure  3b.  The  first 
configuration  was  with  the  model  aligned  with  the  tunnel 
centerline  and  facing  the  tunnel  inlet.  In  this  configura¬ 
tion,  thrust  sweeps  were  conducted  at  shaft  angles  from 
-15  deg  to  +15  deg  (see  Appendix  A  and  figure  5).  The 
second  configuration  was  with  the  model  yawed  90  deg 
clockwise,  with  the  model  nose  facing  the  main  tunnel 
access  doors  at  the  east  wall  (see  Appendix  A).  Figure  6 
presents  hover  performance  data  for  the  YAW  =  90  deg 
case.  Part  of  the  YAW  =  0  deg  data  are  also  plotted  for 
comparison.  For  YAW  =  90  deg,  the  rotor  shaft  centerline 
was  located  approximately  73  ft  from  the  west  wall.  With 
the  tunnel  doors  open,  an  80- ft  high  by  120-ft  wide  open¬ 
ing  was  provided  for  the  rotor  wake  to  exit  the  facility.  In 
this  configuration,  thrust  sweeps  were  conducted  at  a 
shaft  angle  of +15  deg. 

Forward  Flight  Rotor  Performance 

Performance  data  for  forward  flight  thrust  and  speed 
sweep  conditions  with  minimized  flapping  trim  are 
presented  in  tabular  form  in  Appendix  B.  Nomenclature 
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to  identify  parameters  and  a  data  index  for  locating 
specific  test  conditions  are  also  provided  within  this 
appendix.  Wall  corrections  were  not  applied  to  this  data. 

Thrust  sweep  data  runs  are  shown  graphically  in  figures 
7-13.  Data  runs  are  grouped  in  terms  of  increasing  rotor 
advance  ratio  and  shaft  angle-of-attack.  The  data  reported 
are  for  thrust  sweeps  with  advance  ratios  ranging  from 
0.05  to  0.25  and  shaft  angles  from  -15  deg  to  10  deg. 

Speed  sweep  data  runs  are  grouped  in  terms  of  increasing 
shaft  angle-of-attack  and  thrust  conditions.  The  tabulated 
data  are  for  speed  sweeps  at  Cjlo  =  0.065,  0.080,  and 
0.100  for  a  rotor  shaft  angle  range  of  -10  deg  to  10  deg. 
The  data  are  graphically  presented  in  figures  14  -  20.  In 
addition  to  the  speed  sweep  data,  figures  14-20  also 
include  specific  thrust  sweep  data.  Thus,  the  ranges  of 
conditions  for  figures  14  -  20  are  Cj/a  =  0.030  to  0.120 
at  rotor  shaft  angles  of  -15  deg  to  10  deg  for  speeds 
ranging  from  0  to  100  kt. 

Forward  Flight 

Dynamic  Loads  Data  Summary 

A  summary  of  dynamic  loads  data  for  forward  flight 
thrust  and  speed  sweep  conditions  with  minimized  flap¬ 
ping  trim  are  presented  in  tabular  form  in  Appendix  C. 
Data  runs  are  grouped  in  terms  of  increasing  rotor 
advance  ratio  and  shaft  angle-of-attack.  For  each  mea¬ 
surement,  the  time-averaged  mean  and  one-half  peak- to  - 
peak  value  (absolute  maximum  minus  the  absolute  mini¬ 
mum  divided  by  2)  are  presented.  Nomenclature  to  iden¬ 
tify  parameters,  measurement  descriptions  and  locations, 
and  a  data  index  for  locating  a  specific  test  condition  are 
provided  within  the  appendix. 


Thrust  sweep  data  runs  are  grouped  in  terms  of  increasing 
rotor  advance  ratio  and  shaft  angle-of-attack.  Advance 
ratios  range  from  0.05  to  0.25  and  shaft  angles  from  -15 
deg  to  10  deg. 

Speed  sweep  data  runs  are  grouped  in  terms  of  increasing 
shaft  angle-of-attack  and  thrust.  The  tabulated  data  are  for 
speed  sweeps  at  three  specific  thrust  conditions  (Cj/a  = 
0.065,  0.080,  0.100)  for  a  rotor  shaft  angle  range  of -10 
deg  to  10  deg. 

Forward  Flight 

Detailed  Dynamic  Loads  Data 

Detailed  dynamic  loads  data  for  forward  flight  thrust  and 
speed  sweep  conditions  with  minimized  flapping  trim  are 
presented  in  tabular  form  in  Appendix  D.  For  each 
measurement,  the  time-averaged  mean  ,  one-half  peak-to- 
peak  value  (absolute  maximum  minus  the  absolute 
minimum  divided  by  2)  are  presented.  Also,  the  first 
twenty  harmonics  are  presented:  the  harmonics  (Xnc  ? 
Xns)  are  defined  in  the  following  equation: 

X  =  Xo  +  X  ( Xnc  cos  n\|/  +Xns  sin  n y)  n  =1,20  (1) 

Eight  revolutions  of  rotor  time  history  data  were  recorded 
and  used  to  calculate  Xnc  and  X  ns  • 

Nomenclature  to  identify  parameters,  measurement 
descriptions  and  locations,  and  a  data  index  for  locating  a 
specific  test  condition  are  provided  within  Appendix  D. 

Thrust  sweep  data  runs  are  grouped  in  terms  of  increasing 
rotor  advance  ratio  and  shaft  angle-of-attack.  Advance 
ratios  range  from  0.05  to  0.25  and  shaft  angles  from  -15 
deg  to  10  deg. 

Speed  sweep  data  runs  are  grouped  in  terms  of  increasing 
shaft  angle-of-attack  and  thrust.  The  tabulated  data  are  for 
speed  sweeps  at  0^1(5  =  0.065,  0.080,  and  0.100  for  a 
rotor  shaft  angle  range  of  -10  deg  to  10  deg. 
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Table  1.  General  characteristics  of  the  S-76  main  rotor 


Parameter  Value 


Radius 

22 

ft 

Nominal  Chord 

15.5 

in 

Nominal  twist 

-10 

deg 

Blade  Reference  Area 

113.67 

ft2 

Solidity  Ratio 

.0748 

Number  of  Blades 

4 

Airfoils 

SC  1095 

84% 

outboard 

SC1095R8 

80% 

inboard 

Flapping  Hinge  offset 

3.70% 

radius 

Lock  No. 

11.6 

100%  RPM 

293 

100%  tip  speed 

675 

fps 

Table  2.  RTA  Rotor  balance  capabilities  and  static  load  accuracies  at  the  balance  moment  center 


Measured  Standard  Deviation  of  Error 


Measurement 

Parameters 

Maximum 

Capacity 

Value 

% 

Capacity 

Normal  Force  or  Lift  (NF),  lb 

22,000 

25 

0.12 

Side  Force  (SF),  lb 

4,400 

7 

0.16 

Axial  Force  or  Drag  (AF),  lb 

4,400 

12 

0.27 

Pitching  Moment  (PM),  ft-lb 

57,833 

27 

0.05 

Rolling  Moment  (RM),  ft-lb 

57,833 

42 

0.07 

Torque(TQ),  ft-lb 

36,083 

- 

-- 

Table  3.  Aero  tare  coefficient  matrix 


Aero  Load  =  CO  +  Cl  *QPSF  +  C2  *QPSF2 


ALFS,U 

Balance 

Parameter 

CO 

Cl 

C2 

-15° 

NF 

0.000000E+00 

-0.326101E+01 

0.476469E-01 

AF 

0.000000E+00 

0.661349E+01 

0.1431 8  IE-02 

SF 

0.000000E+00 

O.OOOOOOE+OO 

O.OOOOOOE+OO 

PM 

0.000000E+00 

0.370070E+02 

-0.296749E-01 

RM 

0.000000E+00 

-0.8961 00E+00 

0.971002E-02 

TO 

0.106000E+03 

0.194928E+01 

-0.21002E-01 

-10° 

NF 

0.000000E+00 

-0.298026E+01 

0.584926E-01 

AF 

0.000000E+00 

0.684417E+01 

-0.163840E-01 

SF 

O.OOOOOOE+OO 

-0.384309E+00 

0.145089E-02 

PM 

0.000000E+00 

0.352023E+02 

-0.256171E-01 

RM 

0.000000E+00 

-0.562534E+00 

0.181376E-02 

TO 

0.106000E+03 

0.274941E+01 

-0.382801E-01 

-5° 

NF 

0.000000E+00 

O.OOOOOOE+OO 

O.OOOOOOE+OO 

AF 

0.000000E+00 

O.OOOOOOE+OO 

O.OOOOOOE+OO 

SF 

O.OOOOOOE+OO 

-0.986075E+00 

0.29057  IE-01 

PM 

0.000000E+00 

0.366249E+02 

-0.117064E-01 

RM 

O.OOOOOOE+OO 

-0.130419E+01 

0.172272E-01 

TO 

0.106000E+03 

0.181556E+01 

-0.185694E-01 

-2° 

NF 

O.OOOOOOE+OO 

-0.371327E+01 

0.116512E+00 

AF 

O.OOOOOOE+OO 

0.616055E+01 

-0.157009E-01 

SF 

O.OOOOOOE+OO 

-0.1071 14E+01 

0.182306E-01 

PM 

O.OOOOOOE+OO 

0.356245E+02 

-0.376357E-01 

RM 

O.OOOOOOE+OO 

-0.102194E+01 

0.266390E-01 

TO 

0.106000E+03 

-0.194027E+01 

-0.119433E-01 

0° 

NF 

O.OOOOOOE+OO 

0.314353E+01 

-0.66263  IE-01 

AF 

O.OOOOOOE+OO 

0.590607E+01 

0.324471E-02 

SF 

O.OOOOOOE+OO 

-0.857955E+00 

0.107120E-02 

PM 

O.OOOOOOE+OO 

0.353893E+02 

-0.353695E-01 

RM 

O.OOOOOOE+OO 

-0.135617E+01 

0.175815E-01 

TO 

0.106000E+03 

0.24941 8E+01 

-0.338657E-01 

+5° 

NF 

O.OOOOOOE+OO 

0.184863E+00 

0.969723E-02 

AF 

O.OOOOOOE+OO 

0.625300E+01 

-0.188129E-01 

SF 

O.OOOOOOE+OO 

-0.106543E+01 

0.135065E-01 

PM 

O.OOOOOOE+OO 

0.3545 19E+02 

-0.399007E-01 

RM 

O.OOOOOOE+OO 

-0.236734E+01 

0.51 437  IE-01 

TO 

0.106000E+03 

0.166225E+01 

-0.6072 16E-03 

Table  3.  Aero  tare  coefficient  matrix  (continued) 


Aero  Load  =  CO  +  Cl  *QPSF  +  C2  *QPSF2 


ALFS,U 

Balance 

Parameter 

CO 

Cl 

C2 

+10° 

NF 

0.000000E+00 

0.222560E+01 

-0.237747E-02 

AF 

0.000000E+00 

0.53567 1E+01 

0.777 188E-02 

SF 

0.000000E+00 

-0.114855E+01 

0.166964E-01 

PM 

0.000000E+00 

0.344327E+02 

-0.295324E-01 

RM 

O.OOOOOOE+OO 

-0.139549E+01 

0.491692E-02 

TO 

0.106000E+03 

0.279907E+01 

-0.351700E-01 

Table  4.  Fixed  system  measurements 


Measurement 

Location 

Units 

Sign  Convention 

Lift  (NF) 

Rotor  Balance 

lb 

up 

Side  (SF) 

Rotor  Balance 

lb 

right 

Drag  (AF) 

Rotor  Balance 

lb 

aft 

Pitch  (PM) 

Rotor  Balance 

ft-lb 

nose  up 

Roll  (RM) 

Rotor  Balance 

ft-lb 

right  wing  down 

Table  5.  Rotating  system  measurements 


Measurement 

Blade  Number 

Location  (r/R) 

Units 

Sign  Convention 

Flap  Bending 

1 

0.127 

ft-lb 

tip  up 

Flap  Bending 

1 

0.200 

ft-lb 

tip  up 

Flap  Bending 

1 

0.300 

ft-lb 

tip  up 

Flap  Bending 

1 

0.679 

ft-lb 

tip  up 

Flap  Bending 

1 

0.920 

ft-lb 

tip  up 

Chord  Bending 

1 

0.127 

ft-lb 

tip  aft 

Chord  Bending 

1 

0..200 

ft-lb 

tip  aft 

Chord  Bending 

1 

0..300 

ft-lb 

tip  aft 

Chord  Bending 

1 

0.454 

ft-lb 

tip  aft 

Pitch  Link 

1 

Pitch  Horn 

lb 

tension 

Flap  Angle 

1 

Pitch  Horn 

deg 

flap  up 

Rotor  Shaft  Torque  (TQ) 

- 

center  of  balance 

ft-lb 

counter  clockwise 

8 


Table  6.  Hover  test  matrix 


Shaft  Angles,  ccs  -15°,  -10°,  -5°,  0°,  5°,  10°,  15°* 

Cj/ct  0.02-0.12 

MTIP  0.605 

YAW  _ 0°,  90°* _ 

*Note:  For  YAW  =  90°,  hover  data  taken  only  at  as  =  +15° 


Table  7.  Thrust  sweep  test  matrix 

Cj/a  =  0.03-0.125 
MTIP:  0.605  (675  fps) 


as 

VKTS 

It 

10° 

5° 

0° 

-2° 

-10° 

-15° 

20 

0.050 

X 

32 

0.080 

X 

40 

0.100 

X 

X 

X 

X 

X 

50 

0.125 

X 

X 

60 

0.150 

X 

X 

X 

X 

X 

80 

0.200 

X 

X 

X 

X 

100 

0.250 

X 

X 

X 

X 

X 

Table  8.  Speed  sweep  test  matrix 


VKTS  =  0-100  kt 
MTIP:  0.605  (675  fps) 


|  1  ill  |  :  ■ 

fly.  '?•: 

Thrust,  lb 

8,000 

(Cj/a  =.065) 

9,850 

(.080) 

12,320 

(.100) 

10° 

X 

X 

5° 

X 

X 

X 

as 

0° 

X 

-2° 

X 

X 

X 

-5° 

X 

X 

-10° 

X 

X 

X 
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Figure  1.  80-  by  120-Foot  Wind  Tunnel  Circuit 


Instrumentation 
Hat  \ 


Figure  3a.  Schematic  of  RTA/S-76  rotor  t 


Rotor  Hub  and  Shaft 


set-up  in  the  80-  by  120-Foot  Wind  Tunnel. 


Figure  3(b).  Plan  view  of  model  in  the  80-  by  120-Foot  Wind  Tunnel  test  section  YAW  =  0  deg  and  90  deg. 
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Rotor  Figure  of  Merit,  F  M  >  cq*  Rotor  Power  Coefficient  divided  by  Rotor  Solidit 


Rotor  Thrust  Coefficient  divided  by  Rotor  Solidity,  CTH/S 

ure  6(a).  Rotor  power  coefficient  as  a  function  of  rotor  thrust  coefficent  at  two  different  yaw  positions , 
W  =  0  deg,  90  deg,  hover. 


Rotor  Thrust  Coefficient  divided  by  Rotor  Solidity,  CTH/S 


Figure  6(b).  Rotor  figure  of  merit  as  a  function  of  rotor  thrust  coefficient  at  two  different  yaw  positions , 
YAW  ss  0  deg,  90  deg,  hover. 


Rotor  Power  Coefficient  divided  by  Rotor  Solidity,  CP/S 


-0.03  -0.02  -0.01  0  0.01  0.02  0.03 

Rotor  Propulsive  Force  Coefficient  divided  by  Rotor  Solidity,  CXRH/S 

Figure  7(a).  Rotor  lift  coefficient  as  a  function  of  rotor  propulsive  force  coefficient,  20  knots  (p  =  0.05). 


Figure  7(b).  Rotor  power  coefficient  as  a  function  of  rotor  lift  coefficient,  20  knots  (p  =  0.05). 


Rotor  Lift  Coefficient  divided  by  Rotor  Solidity,  CLRH/S 


Rotor  Power  Coefficient  divided  by  Rotor  Solidity,  CP/S  cq'  Rotor  Lift  Coefficient  divided  by  Rotor  Solidi 


Rotor  Propulsive  Force  Coefficient  divided  by  Rotor  Solidity,  CXRH/S 
ire  9(a).  Rotor  lift  coefficient  as  a  function  of  rotor  propulsive  force  coefficient,  40  knots  (p  =  0. 10). 


Rotor  Lift  Coefficient  divided  by  Rotor  Solidity,  CLRH/S 
Figure  9(b).  Rotor  power  coefficient  as  a  function  of  rotor  lift  coefficient,  40  knots  (p  =  0. 10). 


Rotor  Power  Coefficient  divided  by  Rotor  Solidity,  CP/S 


Rotor  Propulsive  Force  Coefficient  divided  by  Rotor  Solidity,  CXRH/S 
Figure  10(a).  Rotor  lift  coefficient  as  a  function  of  rotor  propulsive  force  coefficient,  50  knots  (fx  =  0. 125). 
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Rotor  Lift  Coefficient  divided  by  Rotor  Solidity,  CLRH/S 


Figure  10(b).  Rotor  power  coefficient  as  a  function  of  rotor  lift  coefficient,  50  knots  (p  =  0. 125). 


-0.03  -0.02  -0.01  0 

Rotor  Propulsive  Force  Coefficient  divided  by  Rotor  Solidity,  CXRH/S 


Figure  1 1(a).  Rotor  lift  coefficient  as  a  function  of  rotor  propulsive  force  coefficient,  60  knots  (p  =  0.15) 


Figure  1 1(b).  Rotor  power  coefficient  as  a  function  of  rotor  lift  coefficient,  60  knots  (p  =  0. 15). 


Rotor  Propulsive  Force  Coefficient  divided  by  Rotor  Solidity,  CXRH/S 


Figure  12(a).  Rotor  lift  coefficient  as  a  function  of  rotor  propulsive  force  coefficient ,  80  knots  (p  =  0.20). 
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Rotor  Lift  Coefficient  divided  by  Rotor  Solidity,  CLRH/S 
Figure  12(b).  Rotor  power  coefficient  as  a  function  of  rotor  lift  coefficient,  80  knots  (p  =  0.20). 
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Rotor  Power  Coefficient  divided  by  Rotor  Solidity,  CP/S 


Rotor  Propulsive  Force  Coefficient  divided  by  Rotor  Solidity,  CXRH/S 
Figure  13(a).  Rotor  lift  coefficient  as  a  function  of  rotor  propulsive  force  coefficient ,  100  knots  (p  =  0.25) 
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Rotor  Lift  Coefficient  divided  by  Rotor  Solidity,  CLRH/S 


Figure  13(b).  Rotor  power  coefficient  as  a  function  of  rotor  lift  coefficient ,  100  knots  (p  =  0.25). 
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ire  14(a) .  Rotor  power  coefficient  as  a  function  of  advance  ratio ,  as  -  -75  deg,  Cj/g  =  0.030. 


Advance  Ratio,  V/OR 


Figure  14(b).  Rotor  power  coefficient  as  a  function  of  advance  ratio ,  as  =  -75  deg ,  Cj/o  =  0.040. 
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ire  14(c).  Rotor  power  coefficient  as  a  function  of  advance  ratio,  as  =  - 15  deg,  Cj/a  =  0. 050. 
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Figure  14(d).  Rotor  power  coefficient  as  a  function  of  advance  ratio,  as  =-15  deg,  Cj/a  =  0. 060. 


o 


Rotor  Power  Coefficient  divided  by  Rotor  Solidity,  CP/S  <o'  Rotor  Power  Coefficient  divided  by  Rotor  Solidity, 
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ire  15(a).  Rotor  power  coefficient  as  a  function  of  advance  ratio ,  as  =  -10  deg ,  Cj/o  =  0.030. 


Advance  Ratio,  V/OR 


Figure  15(b).  Rotor  power  coefficient  as  a  function  of  advance  ratio,  as  = -10  deg,  Cj/a  =  0.040. 
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?  15(c).  Rotor  power  coefficient  as  a  function  of  advance  ratio ,  as  =  ~10  deg ,  Cj/o  =  0.050. 
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Figure  1 5(d).  Rotor  power  coefficient  as  a  function  of  advance  ratio ,  as  =  -10  deg,  Cj/a  =  0. 060. 
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Figure  15(f).  Rotor  power  coefficient  as  a  function  of  advance  ratio,  as  =  -10  deg,  Cj/o  -  0.070. 
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Figure  17(d).  Rotor  power  coefficient  as  a  function  of  advance  ratio ,  as  =  -2  deg,  Cj/o  -  0.065. 
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Figure  1 7(f).  Rotor  power  coefficient  as  a  function  of  advance  ratio ,  as  =  - 2  deg ,  Cj/a  =  0.080. 
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Figure  17(j).  Rotor  power  coefficient  as  a  function  of  advance  ratio,  as  =  -2  deg ,  Cj/o  =  0. 120. 
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Figure  19(a).  Rotor  power  coefficient  as  a  function  of  advance  ratio ,  as=  5  deg,  Cj/o  -  0.060. 
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Figure  19(c).  Rotor  power  coefficient  as  a  function  of  advance  ratio,  as  =  5  deg ,  Cj/a  =  0. 070. 
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Figure  19(g).  Rotor  power  coefficient  as  a  function  of  advance  ratio,  as  =  5  deg,  Cj/c  =  0.110. 
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ire  20(a).  Rotor  power  coefficient  as  a  function  of  advance  ratio,  as  =  10  deg,  Cj/c  =  0.070. 


Figure  20(b).  Rotor  power  coefficient  as  a  function  of  advance  ratio,  as  =  10  deg,  Cj/o  =  0. 080. 
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Figure  20(d).  Rotor  power  coefficient  as  a  function  of  advance  ratio,  as=  10  deg,  Cj/o  =  0.100 
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ire  20(e).  Rotor  power  coefficient  as  a  function  of  advance  ratio ,  as  =  10  deg,  Cj/o  =  0.110. 
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Figure  20(f).  Rotor  power  coefficient  as  a  function  of  advance  ratio ,  as=  10  deg,  Cj/a  =  0. 120. 
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Performance  data  for  hover  conditions  with  minimized  flapping  trim  are  presented  in  tabulated  form  in  this 
appendix.  Data  runs  are  grouped  in  terms  of  shaft  angle-of-attack,  cxg.  No  wall  or  ground  effect  corrections  have  been 
applied  to  this  data.  Definitions  of  the  measurements  that  are  presented  in  this  section  are  shown  below.  Identification  of 
test  conditions  and  its  location  within  this  appendix  are  presented  following  these  definitions. 
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number  of  rotor  blades 
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APPENDIX  B 


FORWARD  FLIGHT 
PERFORMANCE  DATA 


Forward  Flight 
Performance  Data 

Performance  data  are  divided  into  two  sections;  thrust  sweep  data  and  speed  sweep  data.  Data  for  both  forward  flight 
thrust  sweep  conditions  and  speed  sweep  conditions  with  minimized  flapping  trim  are  presented  in  tabulated  form  in  this 
appendix.  Thrust  sweep  data  runs  are  grouped  in  terms  of  increasing  rotor  advance  ratio  and  shaft  angle-of-attack,  as. 
Speed  sweep  data  runs  are  grouped  in  terms  of  increasing  shaft  angle-of-attack,  as  and  thrust  condition.  No  wall 
corrections  have  been  applied  to  this  data.  Definitions  of  the  measurements  that  are  presented  in  this  section  are  shown 
below.  Identification  of  test  conditions  and  its  location  within  this  appendix  are  presented  following  these  definitions. 

Nomenclature 

A  rotor  disk  area,  rcR2,  ft2 

ALFS,U,  as  rotor  shaft  angle,  positive  aft  of  vertical,  deg 

A1  coefficient  in  the  representation  of  rotor  blade  lateral  cyclic  pitch  (fixed  system  measurement) 

0  =  THETA  -  A1  cos  \|f  -  B1  sin  \|f ,  deg 

b  number  of  rotor  blades 

B1  coefficient  in  the  representation  of  rotor  blade  longintudinal  cyclic  pitch  (fixed  system 

measurement)  0  =  THETA  -  A1  cos  \| /  -  B1  sin  \|/  ,  deg 

BARO  atmospheric  pressure,  lb/ft2 

c  airfoil  chord  length,  ft 

CLRH/S  rotor  lift  force  coefficient  divided  by  rotor  solidity,  wind  axis,  positive  up,  LIFTH,C/p  (QR)2Sr 

CLRHS/S  rotor  lift  force  coefficient  divided  by  rotor  solidity,  shaft  axis,  LIFTH,S/ p(QR) 2  S  r 

CMXHS/S  rotor  rolling  moment  coefficient  divided  by  rotor  solidity,  shaft  axis,  ROLLH,S/ pSr(QR)2R 

CMYHS/S  rotor  pitching  moment  coefficient  divided  by  rotor  solidity,  shaft  axis,  PITCHH,S/ pSr(QR)2R 

CONING  mean  flap  angle,  deg 

CP/S  rotor  power  coefficient  divided  by  rotor  solidity,  POW/p(£2R)  3Sr 

CPO/S  rotor  non-ideal  power  coefficient  divided  by  rotor  solidity,  CP/S  -  CP/S  ideal 

C$  speed  of  sound,  ft/s 

CTH/S  rotor  thrust  coefficient  divided  by  rotor  solidity,  THRUST  /p(QR)2Sr 

CXRH/S  rotor  propulsive  force  coefficient  divided  by  rotor  solidity,  wind  axis,  positive  forward, 

DRAGH,C/  p(£2R)  2Sr 

CXRHS/S  rotor  propulsive  force  coefficient  divided  by  rotor  solidity,  shaft  axis,  positive  forward, 

-DRAGH,S/p(£2R)2SR 

CYRH/S  rotor  side  force  coefficient  divided  by  rotor  solidity,  wind  axis,  SIDEH,C/ p(£2R)2Sr 
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CYRHS/S 

rotor  side  force  coefficient  divided  by  rotor  solidity,  shaft  axis,  SIDEH,S/p(£2R)2SR 

DRAGH,C 

rotor  wind-axis  drag,  positive  downstream,  lb 

DRAGH,S 

rotor  shaft-axis  drag,  positive  downstream,  lb 

FE 

equivalent  rotor  drag  area,  ft2 

fhel 

equivalent  airframe  drag  area,  ft2 

HFORCE 

rotor  propulsive  force,  shaft  axis,  positive  forward,  lb 

HP 

rotor  horsepower,  POW/550 

L/DR 

rotor  lift  to  drag  ratio 

LIFTH.C 

rotor  wind-axis  lift,  positive  up,  lb 

LIFTH,S 

rotor  shaft-axis  lift,  positive  up,  lb 

MTUN 

tunnel  Mach  number,  V/CS 

M1TP 

rotor  rotational  tip  Mach  number,  QR/CS 

OMEG*R 

rotor  tip  speed,  OR,  ft/sec 

PITCHH.S 

rotor  shaft-axis  pitching  moment,  positive  nose  up,  ft-lb 

POINT 

data  point  number 

POW 

rotor  shaft  power,  TORQ,C  *  £2,  ft-lb/s 

QPSF 

free-stream  dynamic  pressure,  lb/ft2 

R 

rotor  radius,  ft 

RHO,  p 

free-stream  air  density,  p,  slug/ft3 

ROLLH.S 

rotor  shaft-axis  rolling  moment,  positive  right  wing  down,  ft-lb 

RPM 

rotor  rotation  rate,  rev/min. 

RUN 

data  run  number 

SIDEH,C 

rotor  side  force,  wind  axis,  positive  right,  lb 

SIDEH.S 

rotor  side  force,  shaft-axis,  positive  right,  lb 

SKANGLE 

rotor  wake  skew  angle,  positive  relative  to  normal  to  rotor  disk,  tan”1  (  p*/  deg 

SR 

rotor  blade  area,  bcR,  ft2 

THETA 

rotor  collective(  fixed  system  measurments),  deg 
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THRUST 

TORQ,C 

TTEMPF 

V/OR,  \i 

V 

VD 

VKTS 

e 

% 

Ai 

|4* 


v 

a 

V 

a 


rotor  thrust,  perpendicular  to  tip-path-plane,  positive  up,  lb 

flexcoupling  or  rotor  shaft  torque,  ft-lb 

tunnel  air  temp,  F° 

rotor  advance  ratio,  V/QR 

free  stream  velocity,  ft/s 

rotor  vehicle  descent,  positive  down,  60  *V*  sin  (tan_1((DRAGH,C  -  fhel*QPSF)/LIFTH,C)), 
ft/min 

free  stream  velocity,  kt 

blade  pitch  at  specific  blade  azimuth  position  (\|/),  deg 

inflow  ratio  where  velocity  normal  to  disk,  (V  (-ALFS,u)  +  V )  /OR  or  p*  tan  (-ALFS,U)  +  \ 
induced  inflow  ratio 

advance  ratio  prime  where  velocity  parallel  to  rotor  disk,  V  cos  (-ALFS,U)/£2R 
induced  velocity,  ft/s 
rotor  solidity,  bc/7cR 

rotor  blade  azimuth  angle  measured  from  downwind  position  in  direction  of  rotation,  deg 
rotor  rotational  speed,  rad/s 
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Thrust  Sweep  Performance  Data  Index 


V/OR 

Advance  Ratio 

ALFS.U 

deg 

RUN 

PTS 

CTH/S 

DATA 

LOCATION 

0.050 

-2 

44 

14-23 

.030— >.120 

B-9  to  B-10 

0.081 

0 

48 

32-36 

.038— >.075 

B-8  to  B-ll 

0.100 

-15 

63 

9-18 

,030->.120 

B-ll  toB-13 

0.100 

-10 

45 

5-14 

,030->.120 

B-13  toB-14 

0.100 

-2 

44 

6-13 

,038->.100 

B-14  to  B-16 

0.100 

5 

46 

5-10 

,050->.100 

B-16  toB-17 

0.100 

10 

47 

5-8 

,070->.101 

B-17 

49 

5-12 

,070->.120 

B-17  to  B-19 

0.125 

5 

26 

12-18 

.054— >.111 

B-19  toB-20 

29 

5-12 

,060->.100 

B-20  to  B-21 

0.125 

10 

30 

5-11 

.064— >.121 

B-21  to  B-22 

0.150 

-15 

63 

19-27 

.031— >.111 

B-22  to  B-24 

0.150 

-10 

21 

23-31 

.031 ->.098 

B-24  to  B-25 

22 

12-22 

.023— >.119 

B-25  to  B-27 

0.150 

-2 

24 

7-13 

.041— >.120 

B-27  to  B-28 

0.150 

5 

28 

7-14 

,059->.119 

B-28  to  B-30 

0.150 

10 

30 

12-17 

.070->.119 

B-30  to  B-31 
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Thrust  Sweep  Performance  Data  Index 
( Continued) 
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Speed  Sweep  Performance  Data  Index 


ALFS.U 

deg 

CTH/S 

RUN 

PTS 

V/OR 

Advance  Ratio 

DATA 

LOCATION 

-10 

-5 

-2 

5 

0.065 

0.065 

0.065 

0.065 

0.065 

36 

51 

32 

34 

38 

6-11,22-33 

5-18 

7-19 

5-18 

5-21 

.251 ->.006 

.250~>.011 

.250— >.000 
,250~>.032 

.250->.010 

B-44  to  B-46 

B-47  to  B-49 

B-49  to  B-51 

B-51  toB-53 

B-53  to  B-56 

-10 

0.080 

37 

5-18 

.251 ->.011 

B-56  to  B-58 

-5 

0.080 

53 

5-10,12-21 

,250~>.014 

B-59  to  B-61 

-2 

0.080 

32 

20-32 

.250->.000 

B-61  to  B-63 

0.080 

35 

5-19 

.251 ->.031 

B-63  to  B-66 

0 

0.080 

48 

5-31 

.013->.250->0 

B-66  to  B-70 

5 

0.080 

39 

6-20 

.250 — >.01 1 

B-70  to  B-73 

10 

.0080 

41 

5-18 

,252->.010 

B-73  to  B-75 

10 

0.084 

31 

17-22 

.252->.080 

B-75  to  B-76 

-10 

0.100 

37 

19-31 

.251 ->.011 

B-76  to  B-78 

-2 

0.100 

33 

35 

5-15 

20-30 

.251 ->.000 
.251— >.030 

B-78  to  B-80 

B-80  to  B-82 

5 

0.100 

39 

21-32 

.249— >.010 

B-82  to  B-84 

10 

0.100 

41 

19-30 

.251 ->.000 

B-84  to  B-86 
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60.4  12.15  293.6  -1.4  -1328  -126  0.010908  -0.00036  -0.000047  320570  0.003891 

-10  14.685  676.4  2.9  -163  10426  -0.001336  -0.001336  -109.34  583  0.001233 

0.00234  62.1  4  74.23  44  -918  4.28 
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FORWARD  FLIGHT 
DYNAMIC  LOADS  DATA  SUMMARY 


C-l 


Forward  Flight 

Dynamic  Loads  Data  Summary 


Summary  of  dynamic  loads  data  are  divided  into  two  sections;  thrust  sweep  data  and  speed  sweep  data.  Data  for 
both  forward  flight  thrust  sweep  conditions  and  speed  sweep  conditions  with  minimized  flapping  trim  are  presented  in 
tabulated  form  in  this  appendix.  Thrust  sweep  data  runs  are  grouped  in  terms  of  increasing  rotor  advance  ratio  and  shaft 
angle-of-attack,  a§.  Speed  sweep  data  runs  are  grouped  in  terms  of  increasing  shaft  angle-of-attack,  ocs,  and  thrust 
condition.  For  each  of  the  measurements,  the  time-averaged  mean  and  one-half  peak-to-peak  value  (absolute  maximum 
minus  the  absolute  minimum  divided  by  2)  are  presented.  Definitions  of  the  measurements  that  are  presented  in  this 
section  are  shown  below.  Identification  of  test  conditions  and  its  location  within  this  appendix  are  presented  following 
these  definitions. 


ALFS,U,  as 
b 

c 

CTH/S 

OMEG*R 

POINT 

QPSF 

R 

RHO,  p 

RUN 

Sr 

THRUST 
V/OR,  [i 
V 

VKTS 

a 


Nomenclature 

rotor  shaft  angle,  positive  aft  of  vertical,  deg 
number  of  rotor  blades 
airfoil  chord  length,  ft 

rotor  thrust  coefficient  divided  by  rotor  solidity,  THRUST/p  (QR)2Sr 
rotor  tip  speed,  Q  R,  ft/sec 
data  point  number 

free-stream  dynamic  pressure,  lb/ft ^ 
rotor  radius,  ft 

free-stream  air  density,  p,  slug/ft3 

data  run  number 

rotor  blade  area,  bcR,  ft^ 

rotor  thrust,  perpendicular  to  tip-path-plane,  positive  up,  lb 

rotor  advance  ratio,  Y/QR. 

free-stream  velocity,  ft/s 

free-stream  velocity,  kt 

rotor  rotational  speed,  rad/s 


C  -3 


Measurement  Descriptions 


Parameter  Name 

Measurement  Tvoe 

Location,  r/R 

Units 

Positive  Sien  Convention 

MRNB1A 

Flap  Bending 

0.127 

ft-lb 

tip  up 

MRNB2 

Flap  Bending 

0.200 

ft-lb 

tip  up 

MRNB3 

Flap  Bending 

0.300 

ft-lb 

tip  up 

MRNB7 

Flap  Bending 

0.679 

ft-lb 

tip  up 

MRNB9A 

Flap  Bending 

0.920 

ft-lb 

tip  up 

MREB1A 

Chord  Bending 

0.127 

ft-lb 

leading  edge  tension 

MREB2 

Chord  Bending 

0.200 

ft-lb 

leading  edge  tension 

MREB3 

Chord  Bending 

0.300 

ft-lb 

leading  edge  tension 

MREB4A 

Chord  Bending 

0.454 

ft-lb 

leading  edge  tension 

MRPR3 

Pitch  Link 

0.05168 

lb 

tension 

MRFLAP1 

Blade  Flap 

=  0.060 

deg 

tip  up 

C  -4 


Thrust  Sweep  Dynamic  Data  Summary  Index 


V/OR 

Advance  Ratio 

ALFS.U 

deg 

RUN 

PTS 

CTH/S 

DATA 

LOCATION 

0.050 

-2 

44 

14-23 

.030— >.120 

C-8  to  C-9 

0.081 

0 

48 

32-36 

.038— >.075 

C-9  to  C-10 

0.100 

-15 

63 

9-18 

.030-X120 

C-10toC-ll 

0.100 

-10 

45 

5-14 

,030->.120 

C-ll  toC-12 

0.100 

-2 

44 

6-13 

.038— >.100 

C-12  to  C-14 

0.100 

5 

46 

5-10 

.050— >.100 

C-14  to  C-14 

0.100 

10 

47 

5-8 

.070— >.101 

C-15  to  C-15 

49 

5-12 

.070— >.120 

C-15  to  C-16 

0.125 

5 

26 

12-18 

.054— >.111 

C-16  to  C-17 

29 

5-12 

.060— >.100 

C-17  to  C-18 

0.125 

10 

30 

5-11 

.064— >.121 

C-18  to  C-19 

0.150 

-15 

63 

19-27 

.03 1  — >.  1 1 1 

C-19  to  C-21 

0.150 

-10 

21 

23-31 

.031 ->.098 

C-21  toC-22 

22 

12-22 

.023— >.119 

C-22  to  C-23 

0.150 

-2 

24 

7-13 

.041— >.120 

C-24  to  C-24 

0.150 

5 

28 

7-14 

.059— >.119 

C-25  to  C-26 

0.150 

10 

30 

12-17 

.070— >.119 

C-26  to  C-27 
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Thrust  Sweep  Dynamic  Data  Summary  Index 
(Continued) 


V/OR 

Advance  Ratio 

RUN 

PTS 

CTH/S 

DATA 

LOCATION 

.200 

-10 

22 

23-27 

,014->.060 

C-27  to  C-27 

23 

5-14 

,015->.120 

C-27  to  C-29 

.200 

**2 

25 

5-13 

.041 ->.118 

C-29  to  C-30 

.200 

5 

28 

15-21 

.063— >.120 

C-30  to  C-31 

.200 

10 

30 

18-23 

.078->.121 

C-31  to  C-32 

.250 

-15 

63 

28-35 

.031 ->.090 

C-32  to  C-33 

.250 

-10 

23 

15-24 

.030— >.116 

C-33  to  C-34 

.250 

-2 

25 

14-21 

.038— >.105 

C-34  to  C-35 

.250 

5 

29 

13-19 

.070— >.120 

C-36  to  C-36 

.250 

10 

31 

11-16 

.083— >.120 

C-37  to  C-37 

C  -6 


Speed  Sweep  Dynamic  Data  Summary  Index 


ALFS,U 

deg 

CTH/S 

RUN 

PTS 

V/OR 

Advance  Ratio 

DATA 

LOCATION 

-10 

0.065 

36 

6-11,22-33 

.251 ->.006 

C-38  to  C-40 

-5 

0.065 

51 

5-18 

.250->.01 1 

C-40  to  C-42 

-2 

0.065 

32 

7-19 

.250~>.000 

C-42  to  C-44 

0.065 

34 

5-18 

.250— >.032 

C-44  to  C-46 

5 

0.065 

38 

5-21 

.250— >.010 

C-46  to  C-49 

-10 

0.080 

37 

5-18 

.251— >.011 

C-48  to  C-50 

-5 

0.080 

53 

5-10,12-21 

.250-X014 

C-50  to  C-53 

-2 

0.080 

32 

20-32 

.250— >.000 

C-51  to  C-54 

0.080 

35 

5-19 

.251  ->.031 

C-55  to  C-57 

0 

0.080 

48 

5-31 

,013->.250->0 

C-57  to  C-60 

5 

0.080 

39 

6-20 

.250— >.01 1 

C-61  toC-63 

10 

.0080 

41 

5-18 

.252— >.010 

C-63  to  C-65 

10 

0.084 

31 

17-22 

.252— >.080 

C-65 

-10 

0.100 

37 

19-31 

.251— >.011 

C-66  to  C-67 

-2 

0.100 

33 

5-15 

.251 ->.000 

C-67  to  C-69 

35 

20-30 

.251 ->.030 

C-69  to  C-70 

5 

0.100 

39 

21-32 

.249— >.010 

C-71  toC-72 

10 

0.100 

41 

19-30 

.251 ->.000 

C-72  to  C-74 
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VKTS  CTH/S  MRPR3  MRNB2  MREB2  MRNB7  MRPR3  MRNB2  MREB2  MRNB7 

MRNB3  MREB3  MRNB9A  MRNB3  MREB3  MRNB9A 

(MEAN)  (MEAN)  (MEAN)  (MEAN)  (1/2P-P)  (1/2P-P)  (1/2P-P)  (1/2P-P) 
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MRNB3  MREB3  MRNB9A  MRNB3  MREB3  MRNB9A 

(MEAN)  (MEAN)  (MEAN)  (MEAN)  (1/2P-P)  (1/2P-P)  (1/2P-P)  (1/2P-P) 
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V/OR  ALFS,U  MRFLAP1  MRNB1A  MREB1A  MREB4A  MRFLAP1  MRNB1A  MREB1A  MREB4A 
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MRNB3  MREB3  MRNB9A  MRNB3  MREB3  MRNB9A 
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